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COMPLETE SPECIFICATION 

Tomato Juice Process 



I, Joseph Richard Wagner, a Citizen of 
the United States of America, of 26 Field- 
brook Place, Moraga, California, United 
States of America, do -hereby declare the in- 
vention for which I pray that a patent may 
be granted to me, and the method by whidi 
it is to be performed, to be particuhrly de- 
scribed in and by the following statement: — 

This invention relates to the preparation of 
tomato juice. More particularly, this invention 
relates to the preparation of tomato juice hav- 
mg a high consistency. 
. Consistency is measured by the method de- 
scribed below. For a gas or a simple (newton- 
ian) liquid, consistency equals viscosity, but for 
a real fluid, including tomato juice, 
consistency differs from viscosity and it 
has no fixed relation to solids content, For ex- 
ample, two lots of tomato juice, prepared by 
different processes or from different types of 
tomatoes may have identical solids content but 
greatly different consistencies. 

Except where otherwise stated, consistency 
is determined at 25^C. (77°F.) by measuring 
the time required for 96 ml. of the liquid to 
pass through 33 mm. internal diameter orifice 
of 100 mm. pipette. In terms of this test a 
longer flow time shows a higher consistency. 

High consistency is a desirable property of 
tomato juice and of tomato juice derivadves 
such as concentrated tomato juice, tomato 
paste, sauces and ketchups. 

In application No. 30775/66 (Serial No. 
1,128,395) I have desaibed a process of treat- 
mg tomatoes to produce tomato juice of higli 
consistency. This process involves adjustment 
of pH by adding acid to lower the pH to less 
than 3. Elsewhere I have suggested adding al- 
kali to raise the pH to above 5 for die same 
purpose. The normal pH of tomato juice lies 
between these figures, typically about 3.8 and 
4.2. 



Tomato juice as ordinarily prepared under- 
goes rapid deterioration with regard to consis- 
tency. That is the consistency diminishes con- 
siderably very quickly after the raw tomatoes 
are macerated, i.e. after they have been broken 
up into a pulp which releases the juices from 
the skins and fibrous structure. It is believed 
that the release of enzymes and/or other consti- 
tuents of the tomato which are separated from 
the juice in the whole tomato but are liberated 
when the tomato is macerated, cause reducdon 
of consistency. Therefore, in accordance 
with the teachings of Application No. 
30775/66 (Serial 1,128,395) the acid is added 
to the whole tomatoes before they are cut into 
pieces, or to large pieces of tomatoes before 
they have been macerated and the tomato 
structure has been disorganised and disrupted, 
or to the macerated pulp immediately after the 
maceration has been completed. Preferably, 
the acid is added to the whole tomatoes so 
that it is brought back into immediate contact 
with the pulp as it is formed. 

As described in the aforesaid- Application 
No. 30775/66 (Serial No. 1,128,395) the usual 
tomato processing techniques may be em- 
ployed and the addition of acid is the only 
difference. This is an advantage because the 
progress does not require substantial changes 
in existing techniques. As also explained in 
Application No. 30775/66 (Serial No. 
1,128,395), either the cold-break or hot-brealc 
method may be used. In the cold-break meth- 
od raw tomatoes are macerated at ambient 
(room) temperature and the resulting pulp is 
pressed through perforated sheet metal or wire 
mesh screens to separate the juice from the 
seeds, skins and cores. It is common to heat 
the juice after it has been separated in order 
to inactivate enzymes. In the hot-break method 
the same mechanical steps are used but heat 
is applied during maceration, i.e. the tomatoes, 
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during maceration or immediately after they 
are broken up— are quickly heated to a tem- 
perature of 185°F. or higher to macuvate the 
enzymes responsible for the loss of consistenqr. 

5 As also explained in AppHcauon No. 
30775/66 (Serial No. 1,128,395) the aod 
treated tomato juice is adjusted in pH back, 
or nearly, to its normal value, e,g. about 3.8 
or 4.2, because add treated tomato juice hav- 

10 ing a pH of 3 or less is excessively sour. 

As also desaibed in Application No. 
30775/66 (Serial No. 1,128,395) any non-to^ 
ic add may be used which will produce a pH 
of less than 3. Suitable adds are hydrochloric, 

15 sulphuric add and phosphoric add. Hydro- 
chloric acid Is advantageous because, 
upon addition of sodium hydroxide to 
restore the normal pH^ sodium cfalonde 
(which is a common constiment of foodsj is 

20 formed. Suitable alkalis are sodium hydroxide, 
potassium hydroxide, sodium carbonate, po- 
tassium carbonate. Sodium hydroxide is ad- 
vantageous because on adding hydrogen chlor- 
ide to restore the normal pH sodium chlonde 

25 is formed. «^ • i 

In prior AppHcation No. 30775/66 (Serial 
No. 1,128,395) the pH is reduced to less than 
3 but preferably not below about 2 because 
a lower pH does not produce any improvement 

30 in consistency and it requires more acid and 
also more alkali to restore the pH. Also a more 
highly add juice is more corrosive to equip- 
ment. 

I have now found that in the aad treatment 

35 procedure as applied to the hot-break method 
a pH as high as 3.5 may be used, and that 
certain advantages are obtained by adding the 
acid, not to the raw tomatoes, but to tomato 
material which previously has been subjected 

40 to heating to inactivate enzymes. One advant- 
age of this modification is that it presents a 
lesser possibility of corrosion of equipment. 
This follows because the heating to achieve 
enzyme inactivation is carried out at the 

45 natural pB^ in conuast to the previous system 
wherein such heating is applied at the low pH 
generated by the added add. Another advant- 
age lies in lower power consumption which is 
explained as fdlows. In the prwiously-men- 

50 tioned process, increase in consistency takes 
place as the addified raw tomatoes are macer- 
ated whereby considerable resistance to the 
macerating action develops. In the acidifica- 
tion just described the increase in consistency 

55 in delayed until the steps of maceration and 
heating have been completed with the net 
result that the power required for the macera- 
tion step is less. This modification does not 
produce as high a consistency as the procedure 

60 in which tomatoes are addified and are heated 
in acidified condition but it does improve 
consistency very substantially compared with 
conventional procedures. Also the yield of 
tomato juice is substantially higher than with 

65 conventional procedures, e.g. 1 to 2% higher. 



According to the present mvention, there- 
for^ a process for producing tomato juice of 
high consistency comprises: 

a) heating raw tomatoes, at their natural pH, 

at a temperature and for a tinae sufficient to 70 
inactivate the enzymes, but insuffident to 
damage the tomatoes; 

b) mixing the resulting tomato material with 
an amount of non-toxic add suflSdent to pro- 
vide a pH of 3.5 or less; and , 75 

c) extracting the juice from the resultmg 
mixture. ^ . , - 

Raw tomatoes, at then: natural pH, are sub- 
jected to heating to inactivate die enzymes. 
This heating can be accomplished in vanous 80 
ways as well known in die art. One technique 
involves exposing whole tomatoes or pieces of 
tomatoes to steam or a source of radiant 
energy such as infra-red lamps or a microwave 
irradiation device. Preferably, tiie tomatoes are 85 
heated while concomitantly subjected to ma- 
ceration. (The term "maceration" is employed 
herein^in common with its usage in the art 
—to denote application of mechanical action 
to break up and sub-divide the tomatoes into 90 
a pulpy mass). To achieve such an end one 
may utilise the usual heating and macerating 
procedure as conventional in producing tomato 
juice 1^ die hot-break system. Thus, raw 
tomatoes are fed into a vessd provided witii 95 
steam coils (or steam jadcets) and a 
rotating blade assembly for comnunutmg 
tiie tomatoes and agitating tiie 
material in the vessd so that good heat 
transfer will be obtained. By use of such 100 
equipment the raw tomatoes can be efficiently 
formed into a hot macerate which is ready for 
tiie next step. In cases where it is desired to 
achieve an espedally rapid heatings one may 
employ a "drop-in" technique. This involves 105 
establishing a pool of tomato juice or tomato 
macerate (from a previous batch) in a vessd 
equipped witii heating means and a rotor for 
comminuting and mixing the contents of the 
vessel. The pool of juice is maintained at about 110 
200^F. and the tomatoes are fed into it at 
a predetermined rate. Because of the intimate 
contact witii die hot juice, the entering tomato 
material is very rapidly brought up to an en- 
zyme-inactivating temperature. The hot ma- 115 
cerate produced in the vessel is wi±drawn at 
a rate commensurate with the feed rate and 
tills hot material is forwarded to the next step 
in the procedure. Various otiier examples of 
systems for effecting the heating— or the con- 120 
comitant heating and macerating— will be sug- 
gested to those skilled in tiie art from tiie 
above description. It is further obvious that 
regardless (rf the particular system used, the 
temperature and time of heating applied to 125 
the tomatoes must be sufficient to inactivate 
tiie enzymes. It is equally obvious that the pro- 
gramme of heating must not be so drastic as 
to damage the tomato material. ^ ^ 

After the tomatoes have been treated to m- 130 
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activate the enzymes, the resulting tomato 
material— preferably in the form of a macerate 
—is nuxed with an acid. The add treatment 
is carried out as described above, te, it may 
5 be carried out at a pH of 2 or 3 as in prior 
Application No. 30775/66 (Serial No. 
1,128,395) or it may be carried out at pH 
of 3 to 3.5. Either form of add treatment 
causes an increase in consistency of the tomato 

10 material. The mechanism for this action has 
not been firmly established. However, it is be- 
lieved that the addition of the acid causes an 
increased extraction or transfer of pecdnous 
material from the cellular particles to the 

15 liquid (serum) part of the tomato material, so 
that the material as a whole becomes thidker, 
i.e. higher in consistency. 

It is prefeared to apply the acid to the toma- 
to material in its hot condition (usually about 

20 185-«212<^F) as it is received trom the pre- 
vious enzyme-inactivation step. Application of 
the acid to the hot tomato material facilitates 
uniform blending of the add with the tomato 
material so that the desired consistency 

25 increase is attained rapidly. It is obvious 
that if the tomato material is not in 
comminuted form when the acid is applied, 
the mixture of add and tomato material is 
subjected to the action of conventional 

30 equipment to obtain a macerating ac- 
tion, thus to attain a good contact between 
the add and the tomato partides. 

After ±e tomato material has been heated 
and dien treated with add as described, it may 
be treated as described above or as described 
m Application No. 30775/66 Serial No. 
1,128395. 

The present invention can be appUed to con- 
ventional juice production lines with but minor 

40 changes. Thus, standard juice production by 
the hot-break method involves a first stage 
where the tomatoes are macerated and heated 
to an enzyme-inactivating temperature (usually 
at least 185^F). In a second stage the hot ma- 

45 cerate is treated to separate the juice from the 
seeds, skins and other fibrous material. In ac- 
cordance with d^e invention, one may add to 
such a line (a) a first mixing device for incor- 
porating acid with the hot macerate and (b) a 

50 second mixing device for neutralising the 
addified material before it goes to the juice 
extractor. It may be noted tiiat such changes 
m the standard production pattern do not con- 
tribute any interference vnth flow of the toma- 

55 to material through the system.. Thus, addition 
of the acid does not interfere with or prolong 
the heating/macerating step and tiie neutra- 
lisation step likewise does not cause any delay 
in transferring the pulpy mass to the juice ex- 

60 tracting step. A typical adaption of a standard 
contmuous juice production line to operate in 
accordance widi the process of the invention 
is illustrated in the flow sheet in the drawing 
annexed hereto. 

65 Referring to die flow sheet, raw tomatoes 



are continuously fed at a predetermined rate 
into macerator 1. Therdn, the tomatoes are 
rapidly comminuted and concomitandy heated 
to about 200®F. The resulting hot macerate 
flows to mixer 2 togedier with a flow of acid 70 
metered to provide the proper pH. During 
mixing of the macerate and add, the consist- 
ency is increased as above described. The 
addified material then flows to mixer 3 where- 
in it is blended with a stream of sodiimi hy- 75 
droxide solution metered to restore the macer- 
ate to its natural pH level. The neutralised 
macerate is then directed to screw press 4 to 
separate the juice from the skins, seeds etc. 
The juice issuing from the screw press may go 
be then processed in known manner to produce 
canned juice, concentrated or dehydrated pro- 
ducts, etc. 

Tomato juice prepared in accordance with 
the invention may be processed in conventional 35 
manner. For example, it may be- canned as 
a single strength juice or it may be first om- 
centrated to a paste or puree and canned In 
such state. It may be used, in single strength 
or concentrated form, in the preparation 90 
of ^ soups, sauces, ketchups, preserves, 
aspic products etc. Also it may be con- 
verted into solid dehydrated products by such 
known techniques as concentration followed by 
foam-mat or vacuum dehydration or by spray 95 
drying. It is an important feature of the in- 
vention that the colour, flavour, and nutrient 
value of the juice are not impared so that it 
is suitable for all the uses for which conven- 
tional tomato juice is adapted. 100 

Since the process of the invention produces 
a high-consistency juice, this product can be 
blended with conventional juices, (ones of 
lower consistency) to provide a composite juice 
of intermediate consistency as may be required 105 
for a particular application. As an example of 
such procedure, a juice processing line may 
be operated for a first period in conventional 
manner and operated for a second period with 
application of the process of the invention, the 110 
two juices being then combined to yield the 
final product. By varying the relative duration 
of the first and second periods, products of 
a wide range of consistency can be produced. 

The following Example illustrates ±e in- 115 
vention. 

Example 

In these runs, the starting material was heat- 
ed by a "drop-in** technique to attain rapid 
inactivation of enzymes. Thus, a heated 120 
(200**?.) pool of tomato juice was provided 
to serve as a direct-contact heating medium. 
Tomatoes were fed into this pool in portions, 
while applying macerating action and heating 
to maintain the system at 200°?. Because of 125 
die intimate contact with the hot juice, the 
entering tomato material was very rapidly 
brought up to the desked temperature. More 
particulars of the procedure used are given be- 
low: 
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The runs were carried out employing a large 
"Waring Blender'' equipped with a 1 gabion 
bcywl and a rotating blade assembly m Ae base 
of The bowl to cut and blend the matenal con- 
tained thereiiL A steam coil was also provided 
for heating the material in the bowl. 

At the beginning of each run, 500 grams 
of previously-prepared tomato juice wm 

placed in the blender and ^^^^f^^^ov 
and maintained in the range of 190---200 ^. 
throu^out the run while rotatmg the blade 
continuously. 

A 1 kg. lot of fresh tomatoes ^cut mto 
quarters) was divided into four portions and 
3iese portions were fed into the hot juice at 
about 15 second intervals. At about 2 mmutues 
from the stan of the run, heating was discon- 
tinued (by removing the steam coil from the 
bowl) but operation of the blade was continued 
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to complete breakdown of any fragments of 
intact issue. At this point, a hydrochloric acid 
was added to ^e macerate in an amount to 
provide a particular pH (as specified below). 

After the acid was blended into the macemte 
(approximately 4 minutes from the start of me 
run), the macerate was put through a pulper 
to separate the juice from the skins, seeds, etc 
and the juice was cooled. It was then tested 
for pH and consistency. (In one run, no acid 
was used, thus to provide a conttol) . 

The juice used as the heated hquid for the 
runs was conventional juice. It was prepared 
by macerating raw tomatoes at theu: natural 
pH without any additives, heating to destroy 
enzymes, and extraction of the juice from the 
macerate with a conventional pulper. 

The results are tabulated below: 



Run 


Acid added 


pH 


Consistenqy of juice* 
seconds 


1 (control) 


None 


4.48 


30.3 


2 


HQ 


3.10 


43.3 


3 


do. 


2.52 


58.5 


4 


do. 


1.47 


63.7 



*Consistency was determmed at ?y,^^^"^s ^-3- llnPttT 
juice to pass through the 0 . 125 inch (I.D.) onfice of a 260 ml. pipette. 



WHAT I CLAIM IS:— 

1. A process for preparmg tomato jmce ot 
high consistency which comprises: 

(a) heating raw tomatoes, at their natural 
pH, at a terapearture and for a time sufficient 
to inactivate the enzymes, but insufficient to 
damage the tomatoes; . 

(b) mixing the resulting tomato matenal 
with an amount of non-toxic acid suffident to 
provide a pH of 3.5 or less; and , 

(c) extracting the juice from the resulting 

mixture. , . ^ i_ « 

2. A process according to chum 1 wherein 
the acid is hydrochloric acid. 

3. A process according to claim 1 or 2 
wherein the acid is present in an amount to 
provide a pH of 2.5 to 3. 

4. A process according to any of claims 1 
to 3 wherein the raw tomatoes are macerated 
concomitantly with the heatmg of step (a). 

5. A process accordmg to any of daims 1 
to 4 wherem the acidified tomato material re- 



sulting from step (b) is neutralised to us 
natiaral pH by addition of non-toxic alkahnc 
material, prior to extraction of the juice there- 

^d^ A process according to any of claims 1 
to 4, wherein the juice from step (c) is neutra- 
lised to its natural pH by addition of a non- 
toxic alkaline material. , , , ^ 

7. A process according to daim 1 substan- 
tially as described in the Example. 

8. A process for preparing tomato jmce ox 
high consistency according to claim 1 substan- 
tially as hereinbefore described. 

9. Tomato juice of high or increased consist- 
ency whenever prepared by a process of any 
preceding claim. 

J. A. KEMP & CO., 
Chartered Patent Agents, 
14 South Square, 

Gray's Inn, 
London, W.Cl. 
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1 SHEET '^'iwlng Is a npreducUon of 

the Original on a reductd scale 
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